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TITI.E: THEBMAl. ENERGY DISTRIBUTION SYSTEM 
Field of tbe invention 

Thermal energy systems, typically in the foriti of 
netlworks of conduits forming part of a district heating 

/ or district cooling system supplying a few, or 
more commonly, many buildings with heat and / or cold 
foi space heating / cooling, as well as hot service wa- 
teri inside buildings. 

Background of the invention 
, In a number of countries, district heating (in the 
UK Isonietinies termed: 'community heating*) systems for 
mariy years have expanded successfully; in many cases, 
district heating comprises heating services to a major-' 
ity of all buildings.. In later years, a number of dis- 
trdlct cooling systems r for air conditioning and other 
codling services inside buildings, have been built as 
well, often alongside with existing district heating 
systems. In this patent application, the term; 'thermal 
energy distribution systems' will be used, to stress 
thei generality of the invention. As will become appar- 
ent, the invention can be adapted to pure district 
heating systems, to pure district cooling systems, and 
to combinations of the two types of system- 

Usually one or more heated or cooled, pressurised 
water fluid flows are maintained inside channels of 
conduits, mainly installed underground to form net- 
works . Heat exchange equipment is often installed in- 
sicke buildings connected to the networks, but sometimes 
hydronic space heating systems are connected directly 
to! the network, to save equipment and to avoid tempera- 
tuie losses across heat exchange surfaces- Hot service 
wa|.er can be produced centrally to be distributed to. 
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but is normally provided locally in the building by 
heating of cold drinking waiter, either in a heat a3?^- 
chinger or via a coil or some other heat transfer sur-. 
facte inside a hot water storage tank. Although water is 
B by far the most common carrier of thermal energy for 
heifcing or cooling, attempts have been made to use 
otier fluids or fluid-like flows, such as for instance 
ice-slurry flows for district cooling. 
■*i Thermal energy distribution systems tend to be 
10 . costly and time consuming to install and may cause in- 
coiivenience to traffic during underground installation, 
especially in centres of cities. In built-up areas of 
relatively low heat / cold load density (amount of 
thermal services per square unit of land) , for instance 
15 areas dominated by single-family houses/ specific in- 
stallation costs {costs per unit of heat / cold con- 
neiited load) tend to be rather high, sometimes making 
thermal energy distribution less competitive when there 
ia'an alternative solution to the heating/ cooling 
20 problem, such as for instance a local boiler inside the 
building. 

Therefore, much work has been invested into devel- 
oping distribution systems with as a high a degree of 
. pre-f abrication as possible. The introduction some 30 
25 yekrs ago of pre-insulated, plastic shield pipe systems 
represents a major step forward in this direction. 

In areas of low thermal load density, and else- 
where / where relatively small cross-sections of con- 
duits are applicable, flexible conduits are nowadays 
30 of ::en used instead of stiff conduits- One of the advan- 
tages of flexible conduits is that they can be supplied 
in great lengths, to be rolled out from a spool on- 
sijbe, avoiding a lot of joints, compensators and other 
piping elements. Another attractive feature is that 
35 flexible pipes can rather easily be adapted to follow 
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cuived lines, for instance to circumvent obstacles 
(tiees of gardens, for instance) on their way through 
th4 landscape, A third attraction with flexible pipes 
is that they, as flexible electrical cables, optical 
5 cables, etc., are more adapted to speedy installation 
underground, such as horisontal drilling of holes or 
automated processes for trenching, such as e.g- illus- 
trited by the machine disclosed in US 6,651,361- 

i still, installation of thermal energy distribution 
10 coJiduits calls for quite an amount of on-site work, for 
instance caused by the necessity of establishing 
branching by T-elements at many points of a network, 
such as where service pipes lead up to buildings . 

A. particularly problematic case can arise when at 
15 some later stage of network expansion there is a wish 
to connect an extra building, already situated or new- 
built amongst already connected buildings. An energy 
cotkpany would usually welcome such a situation, since a 
nei? customer will become a contributor to amortisation 
20 of j investments already made, and the relative size of 
heit losses vs. heat deliveries will decrease. On the 
otiier hand, connecting new service pipes to an existing 
network usually is more demanding in terms of in- situ 
woirk for T-branching, breaking up existing pavements, 
25 eti-. Special techniques for establishing a branching on 
an! existing network conduit have indeed been invented, 
but the result is not always satisfactory. Sometimes 
blind T-branching elements are installed from the be- 
ginning, to facilitate later connections, but there is 
30 an added first cost associated with this, and such 

branching elements do not necessarily turn out to have 
bekn located optimally. 

Another problematic issue, especially with single- 
family houses connected to thermal energy systems, is 
35 metering of heat and / or cold supplies. Although much 
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advance has been made in metering tacJinology, for in- 
stance by the introduction and refinement of ultra- 
soiic flow meters, metering of thermal services is ge- 
nerally significantly less accurate than . metering 
sui>plies of electric energy, and meters need regular 
ch4cks, which is rather time consuming, due to the sub- 
Htintial amount of manual work being involved in this, 
.In'jthe case of bigger buildings, when there is a need 
fot personnel of the energy company to get access to 
meiers or other network equipment inside the building, 
tb4re will usually be a caretaker with whom appointment 
cai be made for access during day-time hours- But in 
th4 case of single-family houses, often nobody is at 
hoi\e in daytime hours, A solution can be to install me- 
ters in a casing outside the building, to be opened by 
a icey; but such a casing will not always be appreciated 
from an architectural point of view. 
Purpose of the invention 

The purpose of the invention is to develop a new 
kind of thermal energy distribution system which s 

* Increases the degree of pre -fabrication of con- 
duits further from what has been achieved by state-of- 
thi art technology and thereby reduces the need for 
site work, not only when installing equipment in an 
initial phase of system development, but also in later 
ph^es when there a need to connect further buildings 
arises, especially within an existing supply area, 

i * Speeds up installation work, which will tend to 
rekuce first costs and reduce disturbance to traffic 
duiring installation, 

; * Reduces the risk of malfunction caused by defi- 
cifencies in manual work on site, 

! * Increases possibilities of standardisation and 
maWs -production in pre-f abrication of conduits and 
35 otjaei" equipment. 
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* ReducBB first costs for metering and facilitates 
metier reading, as well as checks of metering accuracy / 
reiiability, 

j * Makes cheap and fast detection of leaks poss- 
5 ibie, thereby reducing the need for heat exchangers in- 

si4e buildings, 

* IS suitable for occasional or continuous, cen- 
tralised control of individual building fluid flow 
supply, whenever such control is suitable and is in 

10 acebordance with good service of customers, 

- All adding up to a cheaper, more reliable syB- 
cem, especially when systems provide thermal energy 
&ehrlc&a to buildings of low heat density areas, such 
as single family dwellings. 
15 Short presentation, of the invention 

AS a general statement it can be said that the in- 
vention utilises the potential of flexible district 
heating / cooling conduits a major step further from 
st4te-of-the art practice. 
20 A key idea of the invention is to concentrate 

briinching of network elements to a single, or a lim- 
ited, number of branching stations, STA, from which 
flexible conduits, CON, typically of equal outer cross - 
section, run adjacent to each other to form an assembly 
25 of conduits extending from the branching station, each 
conduit leaving the assembly of conduits by a curva- 
tulre, typically to proceed along a line running roughly 
perpendicular to the initial main direction. By using 
thjls type network configuration it becomes possible to 
30 establish an unbroken line of conduit all the way from 
th^ branching station, whereby one omits many T- 
brknchings directly buried in the ground of a conven- 
tibnal pre- fabricated system. 

It is true that sometimes T-branchings buried in 
35 thk ground can be omitted by adopting a network topo- 
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lojy by which a series of buildings are connected by a 
ch^in of conduits, i-e. a conduit leads up to the first 
building, from which a next conduit lead© to the next 
building^ etc. This is in contrast to conventional net- 
5 wo3rk topology in which service conduits, branching off 
from a main conduit, lead up to each building. The 
ch^in-type topology does not omit branchings, but they 
caiji be established inside buildings which simplifies 
wo3!:k and omits a number of weak points, whereby joints 
10 of {sleeve pipes are exposed to the ground and in-situ 
af t[er~lnsulation has to be done at T-bjranchings . Such 
chiin- typology appears especially attractive with etemi- 
detached houses, where conduits can be installed mainly 
injbasementa of buildings. However, with fully detached 
15 ho^ises the chain arrangement involves conduits not 

solely serving a given building to be installed in the 
ground surrounding the building. Sometimes it even be- 
. comes necessary to install conduits on private property 
ground owned by people who are not connected to the 
district heating or cooling system. This in practice 
ca:|i cause a lot of trouble to the energy service com- 
paiiy. Installation of main pipes in, or in conjunction 
with, public roads is therefore generally preferred. 

At first look some arguments seem to speak against 
the arrangement proposed by the invention: in compari'- 
son with an equivalent conventional network, the new 
type of distribution system requires a larger total 
length of conduits, which may tend to increase both 
heat and pressure losses. Also, the assembly of con- 
duLts running in parallel tends to constitute a bigger 
conbined cross -section than an equivalent conduit of a 
coiventional system, maintaining the same amount of 
fljiid flow to branch out in T- connections . 

j But, as will be explained and exemplified in de- 
SB tap.1 below, these disadvantage© are more than out- 
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weighed by tnany advantages, and there x0 poteiitial for 
littiiting the increased sise of the combined cross-sec- 
tlpn of conduits running parallel • In particular it 
will be made clear that the adoption of superinsula- 
5 tiin, i.e. insulation involving vacuum inside insula- 
tion materials, in designs of conduits, not only opens 
up I for the possibility o£ reducing heat losses, but can 
al^o be utilised for reducing the size of an assembly 
of j co-extending conduits signif icantly- 

10 As has been pointed out, T~branchings represent 

quite an amount of site worfe and are potentially weak 
points of a conventional system, so that replacing them 
by! simple Curvatures of conduits significantly speeds 
upi installation and increases system reliability. The 

15 pr<pblem of connection of buildings at a later stage can 
be handled rather easily by drawing an extra conduit 
frpm the branching station^ where hydraulical connec- 
tion is established v?ith a minimum of work to be done. 
Use of more than 2- lines, for instance 4-line 

20 systems with a separate loop for central provision of 
ho: water ser^^±coB in buildings, becomes less compli- 
caied in terms of on-site work on networks. 

Another advantage of the invention is that the 
, number of conduit sizes can be reduced significantly, 

25 colnpared to standards in atate-of-the art conduit tech- 
nojlogy. This is favourable to pre- and mass-f abrica- 
tibn, which will lower costs, 

i In the branching stations, metering equipment can 
bej concentrated, as opposed to conventional systems 

30 whiere metering equipment has to be installed in each 

bujilding. This lowers first costs for metering, facili- 
tajtes meter reading, and makes convenient on-site accu- 
rajcy checks of meters possible. 
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In addition the invention opens "up for the use of 
a \^hole array of further, innovative developments^ 
which can roughly be divided into two sub-groups : 

1. New types of conduits can be uoed since there 
5 is no longer a need for making T-branchings which could 
be problematic to design for with the particular type 
of conduit, 

2 • Leak checks and further check procedures can be 
performed conveniently in the branching stations. 
10 Detailed description o£ the Invention 

Now the invention will be described in more detail 
by s reference to a number of figures. 

Fig, X is a aimplified view from above of a first 
embodiment of the invent ion « 
iS : Fig. 2 i0 an {compared to fig, 1) enlarged, cross- 
sectional view of the first embodiment . 

Fig. 3 ia schematic showing the branching station 
the first embodiment more in detail, 
j Fig. 4a is a crosa-aectional view of an assembly 
of j conduits^ and a longitudinal section of a single 
cokduit, according to a second embodiment of the inven- 
tion. 

Fig, 4b is an enlarged view of a detail of the 
second embodiment 
25 Fig. 5a is a cross-sectional view of of an as- 

sembly of conduits according to a third embodiment of 
thfe invention. 

I Fig, 5b is an enlarged, cross -sectional view of a 
single conduit of the third embodiment. 
30 I Pig. 6 is a cross-sectional view of a fourth em- 
bodiment of the invention, being the first of several 
exjamples of how super- insulators can be integrated into 
conduit design • 

1 Pig- 7 is a cxoss-sectional view of a single con- 
35 dvkt according to a fifth embodiment of the invention. 
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. Fig, 8a is a cross-sectional view of a single con- 
du4t according to a sixth embociiment of the invention. 

Fig- 8b is a schematic of a 2--line system, supple- 
mented by a vacuum line^ according to the sixth exubodi- 
mexLt . 

Pig, 9 is a schematic of a less common, but per se 
known type of 2-line system, which can be incorporated 
into the invention according to a seventh embodiment. 

Pig. 10 is a schematic of a 4~line system accord- 
ing to an eighth embodiment of the invention. . 

Fig. 11 is a drawing of a branching element 
acGording to any embodiment of the invention. 

Fig. 12 is a cross-sectional view of a ninth em- 
bodiment of the invention. 

Fig. 13 a is a cross -sectional view of a tenth em-^ 
bodiment of. the invention. 

Fig. 13b ie an enlargement of one conduit of the 
te3Xth embodiment. 

Fig. 14 is a longitudinal sectional view from 
above of the tenth embodiment* 

Fig- 15 is a longitudinal sectional view of an 
eleventh embodiment of the invention. 

Fig. 16 is a view from above of the eleventh em- 
bodiment . 

Pigs. 17a-c are three cross -sectional views of the 
eleventh embodiment, 

I Figs. 1, 2, and 3 together show a first embodiment 
of I the invention. Fig, 1 is a top view, for simplicity 
ahpwing each conduit, CON / CON*, schematically as a 
sihgle line, although, as shown in the sectional view 
giiv-en in fig. 2, each conduit comprises 2 channels, 
CHA, one being part of a forward line sending out fluid 
(tjypically pressurised water) flow to the building, 
BUiILD, in question, the other line returning flow from 
tJrJe building. The channels are surrounded by heat insu- 
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latting material, INS, typically contained withix* an 
out^er shield pipe (hero squared) . Fig- 3 shows how the 
per se known, closed loop type 2--line system* is incor- 
poiated into the first embodiment and gives a more de- 
tailed, schematic view of the branching station/ STA, 
including metering equipment, as well as monitoring 
equipment inside the building 

I Fig. 1 shows a hierarchical system, in which the 
coiLnection principle of the invention {as an example) 
ha^ been utilised on two levels; The lowest level, in 
which all conduits lead up to buildings, is reprented 
by i the distribution system at the top, termed DISTR. 
Below, there are two more distribution systems at this 
level. From each lowest -level distribution system con- 
15 du:.ts, CON (and CONBIG) branch out from a branching 

element, BRA^ inside a branching station, STA. At the 
next hierarchical level, distribution system D J STR* , 
coifiduits CON* branch out from a fourth branching sta- 
tion, STA*- Three of these conduits extend to the 
20 lo^er-order branching stations, STA, whereas a single 
co3iduit, CONBIG* extends to a single, big building, 
BUtLDBIQ*, All buildings, BUILD, could be single-family 
dwellings, while the two bigger buildings, BUILDBIG and 
Bo|:LDBIO* could be multifamily buildings, office build- 
25 in^s, a school, etc. Inside branching stations, BRA, 

distribution systems, DISTRI are connected to the 

higher-order level system, DXSTR*, via heat exchangers, 
HE I 

! The detailed geometry adoped in fig* 1 is a little 
30 sckematic and more regular than will typically be found 
inj practice. One of the deviations from the regularity 
is; that all conduits in DISTR are shown to bend by an 
S-like curvature close to the branching station, STA, 
whjere they are arranged adjacent to each other. Each 
35 coLduit CON is composed of three parts: A first part. 
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COlia, arranged adjacent to other conduits, a small 
cuived, second part, CONb, leading the conduit away 
fAxa the other conduits, and a third part, CONc, run- 
niJig roughly perpendicular to COMa and up to tbe buxld- 
5 in^, BUILD, in question. 

i AS an example, fig. 2 shows that conduits can be 
arknged directly underground (claim 2) and can be made 
of! an outer, squared shape, with rounded edges, to make 
thi conduit less sensitive when transported to the site 
10 ank when being laid or drawn underground during instal- 
laiion. The squared shape minimises voids between con- 
duits, which maximises the amount of heat insulating 
maierial. In order that unwanted heat exchange with the 
sui-rounding soil be minimised, in each of the 8 con- 
15 duitB in contact with surrounding soil, the channel 

providing part of the forward, F, line (carrying rela- 
tively high- temperature fluid) is arranged farther from 
thfe envelope of the assembly than is the channel pro- 
vi^ling part of the return, R, line. 
20 , ' All 9 conduits are of the same outer shape and di- 
mo^isiqns; 8 conduits are in addition of identical 
cr|)Ss-section, while the centre conduit, CONBIG has 
chknnels of bigger diameter, this conduit carrying a 
biLger flow rate to BUILDBIG. In spite of the slightly 
25 differing central conduit, system DISTR displays much 
raoU standardisation of conduit sizes than what would 
bej found in most corresponding distribution systems of 
a conventional design- 

; Each conduit has the same cross-section all the 
30 wa^- from the branching station, STA, to the building, 

BukliD, in question. The conduits are flexible, which is 
ueLd for creating curved parts CONb of conduits, where 
tlJey leave the other conduits, but can also be used for 
making bendings of conduit parts CONa and CONc, e.g. to 
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circumvent: obstacles in the landscape, as is commonly 
do3?e witli flexible conduits according to prior art, 

DISTRl can be a conventional thermal energy dis-- 
tribution systew or it could be a further distribution 
5 system according to the invention, where conduitB lead 
up to, either branching stations, STA*, or to a combi- 
nation of one or more branching stations and one or 
more bigger buildings. 

\ In the conduits shown in fig. 2 one or more signal 
10 CAiljE(s) has / have been integrated into each of the 

coijiduits. This is a possible facility, not a provision 
fo^-, the invention. The idea of equipping a DH conduit 
with a signal cable, by which communication with inter- 
nal systems of the building becomes possible, is not 
15 pet se new. As such the idea of ' splitting » costs for 
digging and laying of conduits and cables lies close at 
hand. However, with the configuration of the invention, 
avoiding branchings of conduits from the branching sta- 
tion to the buildings, it becomes particularly easy to 
employ this idea. Also, as will be explained below, it 
provides possibilities for extremely reliable and de- 
tailed metering, along with possibilities for extended 
system surveillance, 

I Pig. 3 shows an example of a connection scheme, 
fripm the branching station, STA, of fig. l to and in- 
cljiding the connected buildings with their internal 
distribution systems and a local temperature recording 
unjLt providing information to the building owner and 
collecting signals for centralised handling in the 
30 brknching station. 

I In accordance with the conduits shown in fig- 2, 
fip 3 shows a (closed-loop), branched ^'2 -line system, 
comprising a forward line, P, and a return line, R, re-- 
sptctively, providing space heating and hot service wa- 
35 teir, HW, being incorporated into the invention. For 
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siijipXicity, only the internal distribution systems of 
on4 building, BUiIiD, has been drawn, and a single ra- 
diiitor, RAD, and a single hot water faucet, FiiC, have 
ba4n shown, to represent the normally greater number of 
5 au<Lh elements inside each building. Hot water, HW is 
priduced.from cold water, CW. in a heat exchanger HEl 
iniide the building, the HW distribution temperature 
being determined by a thermostatic valve control, THW. 
District heating water from the forward line, F, is led 
10 diirectly into the hydronic distribution system for 

sp^ce heating, the room temperatures being controlled 
by I thermostatic valves, THR, fitted to each radiator, 

j As a general comment to fig. 3 it can be said that 

15 q-ufte a lot of transducers, valves, and signal trans- 
mission facilities in the figure have been adopted in 
th4 figure. This has been done in order to illustrate a 
multitude of facilities which can be adopted with the 
injrention. As will be understood, various of these fa- 

20 ciiities could very well be left out in particular 

applications, depending on various priorities. Thus, a 
particular system in practice may appear simpler than 
thk one shown in fig. 2. One example of a simplifica-- 
tit)n would be to dispense with CABLE (s)- 

25 j A central pump, PU, inside the branching station, 
Sxk, can maintain circulation in all 9 individual 
building heating loops, when needed. An expansion tank, 
Exjp, controls return line pressure and allows for ther- 
mail expansion and contraction of circulating water vo- 

30 lukie. Heat insulation (not shown in fig- 3) should be 
apfe>lied to all pip6s, heat exchanger, etc. inside the 
branching station, to minimise unwanted heat transfer 
wiith the surroundings and heat transfer between indi- 
vijdual system -elements operating at differing tempera- 

35 tuire. 
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liXBide the branching station, bxanched linea, 
BRAL, are connected to channels, CHA, of the forward, 
F, ^and return, lines leading flow to and from each 
building- These branched lines are inside STA shown to 
5 be equipped with flow meters, PMl'and FMl"' and with 
tenperature sensors, TSl' and TSl"^;^ all communicating 
meisured values to a signal handling equipment unit, 
B1<B. These values can be measured on an instantaneous 
vaj,ue basis or on the basis of a sampling time values, 
10 ini addition to meters / sensors, the return branched 
lijjies leading flow to the breinching element, bra, are 
equipped with valves^ VAl, . . . whose position can be 
co^xt rolled from SIG. The first embodiment of the inven- 
tion, by example of fig. 3, shows a branching station 
capable of performing several metering and check proce- 
du|:es, as will be explained. Again, If one or more of 
th^se facilities is / are not wanted, one or more of 
th^ elements just mentioned can be left out to simplify 
thfe station. 

The ambient temperature, TA, is being recorded by 
SIG; thereby SIG can adjust the supply temperature TS ' , 
su::h that this temperature is raised above, a minimum 
leyel when the ambient temperature TA falls below a 
cek'tain level, say O'^C. As an overall check that sub- 
stantial amounts are not lost by any leakage of the 
clbsed-loop circuit, a LEVEL indication from the expan- 
sibn tank, EXP, is transferred to the signal handling 
unit SIG. 

Sometimes district heating supplied to a customer 
30 is accounted on the simple basis of the amount of flow 



seiit to and returned from the building in question, ir- 
respective of temperature levels. In that case, either 
flbw meter FMl" or PMl"" can be used for registration, 
fojr instance of the total amount of flow circulated in 
ealch quarter of the yearly season. More often, though. 
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aclounting is made on the basis of the amount of energy 
supplied, in that case, temperature sensors TSl' and 
Tsi-' in combination with either flow meter FMl' or 
pwi" can be used. The signal handling equipment in a 
knclwn way can be equipped with calculation procedures 
foi compensating for temperature dependence of. water 
density and specific heat. 

According to the invention, • and in contrast to 
conventional district heating / cooling systems, some 
or' all metering of services to individual buildings is 
coAcentrated to branching stations, instead of being 
provided for inside or close to each building. Concen- 
trating metering equipment to the branching station has 
a number of advantages: 

A single signal handling unit, SIS, replaces indi- 
vikial signal handling units inside each building. This 
re|luces first costs and allows for more advanced and 
reliable equipment to be chosen for this unit. Also, 
one might dispense with individual thermal sensors, 
TSl' ... TS9', since all should register essentially 
th4 same temperature, and replace them by a single, 
central sensor, for instance TS' adjacent to the cen- 
tral heat exchanger, HE, in fig. 3. 

Access to meters and sensors for reading, check- 
25 ing, and replacement becomes easier, in particular in 
th|i case of single-family houses, whose inhabitants may 
not be at home in daytime hours to give energy company 
pejrsonnel access to their house. 

I First costs for meters and sensors can be lowered 
foa: several reasons: Fabrication costs of meters can be 
loirfered, since measurement equipment can be built into 
a |=omraon mechanical unit. This will also significantly 
sijnplify exchange of meters and sensors for calibration 



in 



1 1 



a laboratory rig, since all meters and sensor . can 
35 thtn be taken out and replaced by a whole new assembly 
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of meters and sensors / instead of such replacement work 
being done individually in each building. Also, due to 
better possibilities of checking meters, as will ex- 
plained below, it may be permissible to opt for cheaper 
ty^es of meters and sensors for the individual meter- 
ing. 

Effects of individual installation geometries on 
measurement accuracy can be eliminated / reduced sig- 
nificantly: Flow meters and temperature sensors are 
known to be more or less susceptible to individual . 
geometries of installation and surrounding piping. For 
in^Jtance, a bend may cause a distorted velocity profile 
within the pipe leading up to a flow meter inside a 
bu:|,lding; which will cause a measurement error. Accord- 
ingly, flow meter installation is usually made subject 
to requirements for certain minimum up- and downstream 
le3igths of straight pipes (usually specified in terms 
of! number of pipe diameters). Temperature sensors are 
required to be installed in ways that will reduce mea- 
sutement errors due to heat losses and / or thermal 
stj:atif ication within the fluid. But space is not al- 
ways available for long, straight pipes, and even when 
inj a certain buildings conditions are favourable for 
correct installation of meters and s^nsora, less care- 
fu|L in-situ work may result in unnecessary measurement 
erirora due to installation effects, When instead, as 
shown in fig. 3, individual meters and sensors are in- 
st^^lled in a branching station, the design can be made, 
inj a standardised way, applying to many stations to re- 
duce installation effects, and remaining installation 
efjfects can to a certain extent be eliminated by cali- 
brjating meters and sensors when situated exactly as in 
thk branching station; this will be explained more in 
detail below, in relation to the example of fig. 11. 
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On-line and other check procedures can be adopted 
various ways to check the accuracy of meters and 
aeiiisors installed in the bzranching sftation: For in-- 
stance ^ if a flow meter is installed both in the for- 
5 vjai^d line, FMl", and in the return line, FMl'", as 

exemplified in fig. 3, and given there is no leakage in 
the flow route from PMl" to FMl'^, they should read the 
sai^e mass flowfate. 

I Another kind of check possibility is provided if 
10 equipment is installed for measurement of overall 

fltpwrate (FW and / or FM"") and / or overall thermal 
en4rgy rate. In the example of fig, 3, supplied thermal 
energy rate can be registered by corabining values read 
by! temperature sensors TS" and TS"" with the flow rate 
measured by one of the flow meters, PM*" and Ff^^'" . Such 
a registered overall flow rate and overall thermal 
energy can be compared with summed values recorded for 
inciividual supplies to buildings, and the size of any 
deviation will provide an evaluation of the reliability 
of the registered values. According to fig, 3, overall 
thermal energy rate is measured on the secondary side 
of- the central heat exchanger, HE, inside branching 
station, STA, Another possibility is to make measure- 
ment on the primary side o£ the heat exchanger, which 
should give identical values, provided heat losses from 
thp heat exchanger and pipes can be considered 
ne^^ligible, and no flow leakage occurs across the heat 
exbhanger surface. 

When overall flow rate and central temperatures 
arfe measured in addition to individual values for each 
building, there is the possibilit:y to choose rather 
sophisticated and carefully calibrated equipment for 
measurement of overall values, and cheaper, less accu- 
rate equipment (but not necessarily equipment more sus- 
cebtifole to failure) for individual measurements* This 
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ca^x bring down the total cost for measurements. When 
suk a Btratagy is used, there is the posaibility to 
diiide a deviation registered in the checking procedure 
aroing individual readings, for instance on a pro rata 
baks, as a correction towards values that are probably 
closer to true values. Such a procedure can be corobined 
with an alarm criterion that draws attention to a de- 
viation value exceeding a pre-aet limit of acceptance, 
to 1 prompt an individual action, such as talcing the as- 
se^ly of measurement equipment out for laboratory 
checking. Naturally, such an alarm criterion will not 
provide a fall -safe guard against the risk that two or 
more gross errors happen to wore or less cancel out 
ea^Jh other. Thus, laboratory calibration of equipment 
on a regular basis cannot be dispensed with completely, 
bui since check procedures like the ones described will 
reduce the risk of component failure, they could be 
taken advantage of to accept longer intervals between 
laioratory calibrations; this will help bring down 
co^ts for metering. 

i According to fig. 3 a local status collection and 
diLplay unit, STAT, in each. building collects a number 
. of I temperature recordings, for visual display to the 
building owner, and for further transmission to the 
cektral signal handling unit, SIG, via signal CABLE (s). 
Whk this is done it becomes natural to base calcula- 
tions of delivered amounts of heat oh the basis of, not 
centrally measured supply and return temperatures, TSl' 
ania TSl'', respectively, but on the basis of the lo- 
30 cakly measured values, TSl"' and TSl" ' ' ; thereby heat 
lobses between the branching station, STA, and the in- 
diiridual building is accounted for. Even if conduits do 
noib comprise any CABLE (s), transmission of locally re- 
coi-dGd fluid temperatures may be possible, e.g via the 
35 tajlephone network. 
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If there is/ are no signal transmission facility^ 
one would use the centrally recorded, individual build- 
ing temperature signalgr TSl' and TSl " . This raises 
thi issue of talcing calculated or estimated heat lose 
5 values into account in some appropriate way. 

In in extended system (with CABLE (a)) like the one 
shown in fig. 3r even though temperature reading in 
eaih building there are significant advantages asso- 
ci4ted with moving individual flow metering awayfrpm 
10 th4 building to centralised measurement inside the 
br pinching station, as will become apparent by the 
example of fig. 11 here below. Sensing supply and re- 
tutn temperatures both at STA and at BUILD provides a 
possibility of keeping check on individual heat losses 
15 in conduits CON, which can be used for fast detection 
of various defects that might arise. 

Recording and displaying all the temperatures as 
shiswn in fig. 3 also provides possibilities for various 
types of checks that may be useful to the customer. For 
20 instance, a satisfactorily high primary water tempera- 
ture, TSl*'', but a too low hot water temperature, THW, 
may indicate excessive heat exchanger fouling. Observ- 
ing this will help prevent hot water temper-atures that 
may represent lowered comfort level or even a risk of 
25 multiplication of the dangerous Legionella bacterium. 

In fig. 3 inside the branching station is shown a 
valve, VAl/ fitted into the return line from the first 
building. This valve can be used for several purposes: 
As has been noted, in the first embodiment of the 
30 invention illustrated in fig. 3, hydronic space heating 
systems of buildings are connected directly to the lo- 
cal distribution system, DI6TR, i.e. for this service 
thiere is no heat exchanger to provide hydraulical sepa- 
ration . Some energy companies hesitate to dispense with 
35 sJch a further heat exchanger for various reasons. One 
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ariument: ±s that, in case of a leaking radiator, a heat 
exchanger separating the hydronic system from the diB- 
trict heating network will maximise to the potentxal 
amiunt of water leakage to the water volume o£ the 
hylranic system, not the volume of the district heating 
sykem, which will usually be much bigger. As a precau- 
tion against the risk of a greater leak in case of di- 
rect connection, valve VAl can be used for leak detec- 
tion: By closing the valve and measuring the flow rate 
in the forward line by flow meter FMl' any leak can be 
detected, provided the flow meter is capable of measur- 
ing relatively small flow rates, and measurement is 
made on a continuous basis, so that any transients 
attributable to thermal / pressure driven expansion / 
contraction of the loop can be assumed to have died 
out. Instead of a flowmeter, temperature recordings 
can be used to check against leaks, since in a tight 

loop closed off by a valve, water will cool off, due to 

1 

heat losses. 

1 When both the forward and the return lines are 
eqiaipped with flow meters, FMl' and FMl " , as in fig- 
3, the difference between the mass flow rates regis- 
tered by the two flow meters constitutes a further, on- 
line, possibility of detecting at least a major leak 
which would result in a difference exceeding any dif- 
ference that could be attributable to inaccuracy in 
fl^w measurements. 

Another possibility provided by individual valves, 
VAlL..,, inserted into loops serving buildings, is to 
cejatrally control individual fluid flow rates and ther- 
mal energy supply to buildings (claim 27). In normal 
opbration an energy company will allow local control 
eqjuipment ineide each building to decide the appro- 
priate amount of flow supplied to any building. But on 
rajce occasions, it can be in the general interest of 
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customers if the energy company has the capacity to 
ex^rciee control on individual supplies. Such occasions 
may be when, for some reason, there a general shor- 
tage of thermal energy supply, becauee o£ an exception- 

i , 

ally low outside air temperature, or a breakdown of 
gei^erating plant. In a conventional district heating or 
cocLling system, due to higher differential pressure be- 
tween forward and return lines , such a shortage of 
supply will hit customers unevenly: Buildings located 
cld)se to circulation pumps may experience no shortage 
at I all, while other buildings^ typically those in the 
periphery of the distribution system, may suffer a more 
or 1 less complete stop of supply. By resorting to a cen- 
tralised control, throttling a little on all flow 
supplies the energy company can avoid such a situation, 

A hierarchical system according to fig, l would 
tyi)iGally be a beneficial arrangement with conduit de- 
signs with relatively small outer dimensions for a 
gi^en energy rate transferred, so that the size of the 
outer envelope of conduits CON* extending from STA* 
will not be too large, and extensive use is being made 
of I flexible conduits, saving time and money when in- 
stalling conduits underground, 

1 Although, as shown in fig. 1, the number of con- 
dujlts extending from different branching stations, STA, 
may differ, a standardised, modularised branching sta- 
tion deaigyi can be adopted • For instance, differing 
stations may share a common outer shell design, which 
will lower costs. Pig. ll below will show how metering 
associated with a branching element can be made in a 
boph sophisticated and rationalised way, 

I Fig. 4a shows a combined cross- sectional and lon- 
gitudinal sectional view of a second embodiment of the 
in-|/ention. Here, the outer shape of the thermally insu- 
lated (IKS) conduits is sexangular, and conduit parts 
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COipa are arranged to be surrounded by thermally insu- 
lating material, INSa, inside a common casing, CASa, as 
op]i>os©d to fig. 2 whe^re conduits are placed directly iu 
t hi ground- This casing may be essentially stiff, if it 
5 is I appropriate that it follows a straight line, or the 
calling my be elastically or plastically deformable, 
whfin (such as demonstrated in fig. 1) the assembly of 
fijrst conduit parts, GONa, is supposed to follow a line 
being wholly or partly curved. 

10 I The casing is provided with one or more openings 
wh^re individual conduits depart from the conduit 
assembly. Such an opening can take the shape of indi- 
vidual holes, or the entire casing may have a cross- 
sefctional shape of a circular arc not extending all 360 

15 decrees round; this type of design makes later arrange- 
me:at of extra conduits easier. 

As shown in fig, 4, a conduit part CONc (and some- 
tines in addition curved part COMb) can also be 
arranged to be surrounded by thermally insulating raate- 

20 rial, INSc, either arranged directly in the soil or, as 
sht>wn in fig. 4, inside a casing, CASc, When extra heat 
insulation, such as INSa and INSc, is added, as shown 
inj fig. 4, the outer dimensions of conduits can be cho- 
seh to be smaller than when the heat insulating mate- 

25 rikl of the pipes (as in fig. 2) is supposed to provide 
virtually all heat insulation. 

i Fig. 4b gives an enlarged view a detail of CONc, 
cl;ose to the forward, line channel, CHA, illustrat- 
ing a particularly appealing structure of the conduit: 

30 Hejre, the conduit is made from a single, polymeric ma-, 
teirial; an integrated polymeric structure comprises a 
boldy part with heat insulating CELLS, as well as inner 
(ajt CHA, F) and outer surface layers, SURF, which are 
cobpact and smooth, making all surfaces of the conduit 

35 mdchanically robust. The smooth inner surfaces will re- 
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The proposed polymeric structure is suitable for tnass*- 
production by use of modern fabrication ntethbds for 
polymers . 

i 

5 I In the embodiment of the in-vention shown in. figs- 

4a! and for minimisation of heat losses, channels, 
CHJpL, providing parts of the forward line, F, are lo- 
cated closer to the centre of the assembly than those 
channels providing part of the return line, R, as in 

10 th$i first embodiment whose cross-section is shown in 
figr- 2, Fig, . 4a illustrates a further possibility, of 
reducing heat losses: Designing channels, CHA, of the 
foi^ward line, with a smaller diameter than those of 
th^ return line, ft. A bigger diameter of the return 

15 li|ie channels has the further advantage that, due to a 
smaller pressure gradient along the return line, by us- 



xn^ pressure reducing valves in forward lines at or in- 
side buildings, BUILD, it becomes possible to operate 
pressurised equipment inside buildings at a relatively 

20 lo^ pressure; when directly connected to the district 

hekting system, i.e. when there is no hydraulical sepa- 
ration by heat exchangers • 

j If the flexibility of the conduits is of a pu?:ely 
or| pretdominaritly elastic nature (claim 7), and a casing 

25 CApa is used, as shown in fig, 4a, it becomes particu- 
larly easy to arrange conduits underground by drawing 
them inside the casing, either in the direction from 
th^ branching station, STA, or in the opposite direc- 
tion. Conduit parts CONb and CONc can also be drawn in- 

30 sijie casings, or these conduit parts can be arranged 

underground in a more conventional way, for instance by 
lading them in a channel dug out in the ground. Con- 
duits arranged by drawing should preferable have such 
surface finish and may be additionally prepared in an 

35 apbropriate way (claim 6), for instance by being lubri- 
i 
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cated or supplemented by a smooth folio, so that they 
can be drawn underground without use of excessive 
force. 

j Provided sufficient space is left within casing 
5 CA$a, as shown in fig, 4, eactra conduits for later con- 
ne^Jtion of new customer buildings to the distribution 
sy$tem can be added by drawing them inside the casing 
and by connecting them hydraulically to branching ele- 
meijit(s) BRA of a branching station, STA. Branching ele- 
meijits can easily and at very low cost be prepared for 
this by use of blinded or valve-closed branch-off 
pijbea. so that new conduits can be connected without 
interrupting thermal energy supply of already connected 
buildings, it is understood that in this way the inven- 
tiibn in a convenient and robust manner facilitates 
lal:er connections, avoiding the sometimes difficult 
esi:ablishment of branchings in previously established 
network parts according to prior art, as described when 
presenting bere above the background of the invention. 
Both the squared and the sexangular shape of con- 
duits according to figs. 2 and 4a, respectively, are 
sofeewhat unusual . instead, as the third embodiment of 
the invention of figs. 5a and b illustrate, commonly 
used shapes, such as a circle or an ellipse may be 
used. In fact, the whole conduit can be pre-f abricated 
and / or designed according to methods and designs 
knbwn in prior art- This can make introduction of the 
indention in practice particularly easy. 

Pig. 5b is an enlarged view of one of the conduits 
30 of fig. Sa. This cross-sectional view displays many 

features which are known from conventional, pre-fabri- 
caj:ed, flexible district heating pipes: Inner pipes are 
made of copper, Cu, which is plastically deformable, 
an^ the insulation, IJsrs, is a closed cell, flexible 
35 fo^m made of pex, i.e. cross-bonded polyethylene, which 
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caxa be supplied as a relatively heat-resistant polymer. 
Al^o the outer shield pipe is made of PEX- 

I It can be seen that each conduit of the embodiment 
sh<i)wn in figs- 5a and b comprises in total 4 medium 
ca^rrying pipes or channels, CHA: A forward, F, and re- 
tu]|rn line/ both for carrying a space heating and / 
or! cooling fluid, as well as a hot service water for- 
ward line, HWF, and a return water line WR of circu- 
lated water not being tapped off inside the connected 
buillding. The hot water, HW, is assumed to be prepared 
ceiitrally from cold water, CW arranged to be fed in at 
the branching station, STA. Lines HWF and WR are shown 
to»be arranged adjacent to each other; there is no rea- 
son for reducing heat e^cchange between these two lines 
- heat insulating material is better used for prevent- 
ing heat exhange with, and between, the two other 
li:les, p and R, ae well as heat exchange with the sur- 
roundings. 

: As an alternative to copper, one might also use 
PEX for the inner pipe- Normally, water will flow in- 
side the channels. In that case, oxygen may diffuse 
from the outside of the conduit and through it, to be- 
coftie dissolved in the water. In case the system is such 
designed that this water flows through corrosion sus- 
ceptible components, such as steel radiators inside 
cohnected buildings, this may not be tolerable* To pre- 
vent such a problem, it is common to use metallic or 
pojlymeric folio membranes, e.g, around inner pipes 
carrying the water flow in question, here lines F and 
R,| and / or to employ a membrane between the insulation 
anjd the outer shield pipe. The latter arrangement will 
aljso help prevent any diffusion of gases / vapour in 
anid out of cells of the insulating foam, which would 
inprease heat transfer through the insulation. 
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Arranging as much as 4 channels Inside a conduit 
is per se not novel, but 3omBwhat unusual. In conven- 
tibnal thermal energy distribution systems r with many 
T-branchings of conduits, there is a tendency that such 
5 br^Lnchings beaome more the difficult to design for and 
ar?:ange by work in situ the more channels are comprised 
by! each conduib. Also^ if preparation must be made for 
T-i>ranchings, this to some extent restricts exactly 
wh4re it is appropriate to arrange channels in the 
10 cr^ss-sectional geometry. The invention completely 

avoids any such difficulties or restrictions on conduit 
design. 

Very interestingly, the invention opens up for the 
use of un- common or quite new types of conduits which 

15 in I some cases might have been considered previously, 
bup may have been discarded/ since branching with T-s 
wojild have been too complicated. Numerous variations of 
nejtf types of conduits can be thought of. One example 
ha^ been shown already, i.e, the polymeric structure 

20 il|Lustrated by fig. 4b. 

i Typically, in the design of conventional conduits, 
atj least three different materials and or fabrication 
meJ::hods are used: For instance, there may be one or 
mopre fluid- carrying pipes of steely copper or a heat- 

25 resistant polymer, such as PEX- Second, there will be 
anj outer shield pipe of a polymeric material, such as 
hi^h-density peh, In-betweeu these pipes a heat-inau- 
lajting closed-cellular foam of a polymeric material, 
usjually Pim or PBX, will be arranged. 

20 I , In fig. 5a the casing has been shown to be thin - 
it| could be a metal pipe with thin inner and outer 
pollymeric surface layers to make it corrosion resis- 
tabt. 

Super- insulators constitute a class of per se 
35 knjovrn isolation arrangements of various types, whereby 

■ i 
J 
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an enhanced insulation effect: has been achieved by us- 
ing vacuum inside the insulator. Some super -insul at oirs 
which have been adoped for various applications include 
the following! 

- A multitude of radiation-reflecting, thin metal 
(eg. aluminum) foils, kept apart to avoid heat conduc- 
tion from layer to layer, 

~ Powders* made up of granules (e.g. silica-gel) of 
a suitable (complicated) micro-shape, such that the 
coiitact surface between adjacent granules becomes very 
smalls 

j - Fibrous structures, where the fibers can be pre- 
do^tiinantly. oriented in parallel plane3r so that the 
aggregate heat condution in the direction perpendicual 
to the direction of the planes becomes smaller. 

Power / fibrous structures are sometimes mixed, 
and platelets of radiation reflecting metal can be 
added to reduce heat transmission by radiation. 

Technological fields in which super -insulators 
haye gained general acceptance include: Cryo- technology 
(e|.g. in pipelines for transport of liquefied gases, . 
such as nitrogen) , cooling technologies (including 
household refrigerators), and spacecrafts* Closed-cell 
fopms, such as polyurethane foam commonly used in DHC 
cohduits, exhibit heat conductivity in the order of 
0,030 W/mK, Superinsulators generally have conductivi- 
ties below 0.010 W/mK. The most sophisticated (and ex- 
pejisive) superinsulatore can attain a conductivity even 
below 0.00010 W/mK. 

: A basic problem in most applications is that the 
super- insulator and its surrounding design elements 
generally must be capable o£ transmitting force in a 
mejchanical design. Separate design members, themselves 
nojb being superinaulators, will transmit heat in addi- 
tijon to force, which calls for ingeninuity in devising 
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the whole structure of high heat -insulating capability. 
In -a number of applications, where low but not 
extremely low, heat conductivity is called for, one can 
select a type of super- insulator which by itself is ca- 
5 pable of transmitting force/ i,e. mainly a ppwderoiis 
material . 

I Incorporation of a super-inisulator Into a DHC con- 
duit appears attractive in systems according to the 
network configuration of the present invention, because 

10 it I will relieve an inherent difficulty of the inven- . 
ti6n, viz. that conduits conduits with conventional 
heft insulation and of a small inner fluid- carrying 
diameter must have significantly larger outer ditnen- 
si^ns, for heat losses to become acceptable; this means 

15 that the outer envelope of the assembly of conduits exr- 
tepding adjacent to each other from the branching sta- 
tion/ tends to be rather big. Superinsulators offer a 
possibility of keeping the ratio between inner and 
outer dimensions moderate, with acceptable heat losses, 

20 ev^n in the absence of supplementary insulation mem- 
bets : A thin casing CASa, as shown in fig. 5a can used, 
an|i conduit parts CONb and CONc, outside casing CASa, 
could be disposed of altogether. 

Of course, super- insulators also provide the pos- 

25 siaility of lowering heat losses. 

A few attempts have been made to use superinsula- 
tolrs for DHC conduits, so far without any significant 
success in practice. The designs adopted have mainly 
been for stiff conduits, whereas in the concept adopted 

3 0 in this invention flexible conduits are called for. 

In other branches of technology, for instance in 
WO 01/14783 and in US2001/OO35224 , flexible pipes 
mainly intended for carrying a low-temperature fluids 
for superconduction of electricity, are described. In 

35 prlinciple these designs, directly or modified, could be 
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used as incorporated into the present invention. They 
incorporate corrugated inner and outer steel pipes for 
attaining flexibility. Modified variants of these de- 
signs could for instance rely on smooth, flexible pipes 
5 instead of corrugated pipes. 

Fig. 6 shows. a cross -sectional view of a- fourth 
enOpodiment of the invention in the form of a novel type 
of flexible conduit, incorporating super -insulating ma- 
terial for part of the heat insulation, a type which 
10 hafe been devised directly aitoing at DHC applications. 
An! inner PIPE, e.g made of PBX, surrounds a channel 
cnk, which could be both a forward or a return flow 
channel. The outermost SHELL and the insulator, INS, 
cah be made of dense and foamy PBX, respectively. INS 
15 haL an inner circulator surface, which in cotnbination 
with PIPE gives an annular space, m this space, 4 
flUible supports, RUB, made of rubber, are interposed, 
as! well as 4 bags containing a uperinsulat or material, 
suk held under vacuum. The bags can be made according. 
20 to! known methods in prior art, of laminated foils, to 
prLvide good barriers to any diffusion of gas or vapour 
frfam the outside, which would destroy the vacuum, as 
wekl as good mechanical strength, which in combination 
wiith powder inside the bags provide a substantially 
25 constant shape of the bags in operation. The powder can 
be supplemented by granules of a so-called better mate- 
rial which captures any molecyles that might transverse 
diif fusion barriers, thereby helping keep up the vacuum 
condition of the super insulator. 
30 i The rubber supports are compressed so that they 
exUt radial inward forces on PIPE. The residual seg- 
ments of the annular spacing are not completely filled 
oujt by the 4 bags containing SUP, which allows for some 
d^fomation when bending the conduit, without any sig- 
35 nilficant outer forces being exerted on the bags. 
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Although the 4 RUBs constitute some resistance to heat 
transfer, they are less effective than are the 4 SUPs; 
therefore, RUBs have been positioned diagonally i rela- 
tion to the outer square of the conduit, so that the 
5 thickness of INS has maxima where INS is in contact 
with RUB- 

; Fig. 7 shows a cross-sectional view of a. conduit 
according to a fifth embodiment of the invention* Here, 
a super -insulator, SUP fills out the space between two 

10 melal pipes, PIPE2 and PIPE3- The outer PIPBl could 

also be made of metal, or of a polymer. The insulator, 
imk, inside PIPEl could be made of some polymer which 
coiibines fiexibility with sufficient mechanical stabil- 
ity, so that the 3 inward protrusions of INS to estab- 

15 li^h contact with PIPE2 provide sufficient support for 
Pli>E2 where the conduit is bent, i,e, its axis perpen- 
dicular to the cross-section showed follows a curved 
liiie- A third requirement for INS that it provides 
thermal insulation for fluid contained in the 3 partly 

20 aai]|iular sectors; as indicated by designation CHA, R, it 
is: envisioned that these 3 sectors all convey return 
channel part flows. In the center, inside PIPE 3, we 
have the forward flow, CHA, F. That is, return flow es- 
sentially circumvents return flow. If the fluid flowing 

25 in CHA, R is of low temperature, the heat loss to the 
surroundings by this arrangement can be kept low even 
with moderate heat insulating capacity of INS. 

The super- Insulator, sup should be of sufficient 
compression strength to hold the inner pipe in such a 

30 position, that the thickness of INS nowhere becomes too 
small in cross- sections of a bend of the conduit • At 
th^ same time SUP should behave flexibly in bending of 
thte conduit. This poses some demands on the character 
of! SUP which can be fulfilled by a suitable microstruc- 

35 tujce of SUP, permitting relatively smooth repositioning 

i 
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the individual grains of fiber of SUP when eaierted 
mechanical forces from the outside. 

i Pigs.. 8a and b show a sixth erobodiinent of the in- 
vention where vacuum inside super- insulators , SUP,F and 
Srsf. R, surroiind a forward flow channel CHA, F, and a 
return flow channel, CHA, R, respectively. A vacuum 
sukion channel, CHA, EVA ia arranged adjacent to both 
fltw channels, communicating with the super- insulating 
inLulators by perforations, PERP. All three- channels 
arfe embedded in an outer, flexible insulator , INB • The 
perforations should be sufficiently small to prevent 
anir grains from the super- insulator to be sucked into 
th^ evacuation channel? alternatively, either the outer 
enlrelopes of the super- insulators or the perforations 
asi such may be provided with a textile web with minute 
pejcf orations, smaller than the size of any grains, but 
latge enough that no excessive pressure drop occurs 
over the textile. 

I For simplification, in fig. 8b, for the sake of 
siinplification of the figure, only connection to a 
sikgle building, BUILD, has been shown. An evacuation . 
putnp, EVAP, maintains vacuum by connection to the 
evacuation channel, EVS. Bach conduit, CON, has its 
evLcuation channel closed off at or inside the building 
by} a SEAL . 

i From fig. 8b it can be seen that it has been 
asisumed that the building, BUILD, has been fitted with 
a istorage type hot -water heater. In comparison with in- 
stjantaneous water heaters this reduces demands on siz- 
ing of PIPE, F and PIPE, R. These pipes can be designed 
to! combine strength with inner smoothness, to be main- 
tajined even after years of service, i.e. resisting eor- 
rc^ion and erosion, by making them of a metal, e.g. 
cobper, and applying thin polymeric layer to the inner 
s\i-face. This will permit rather high flow velocities, 
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say up to around 2 m/sec, and pressure up to, say 10 
bars. Thereby small flow section diameters can be 
attained. Thus, fig. 8a could be taken to show a cross- 
section in full size'- If the conduit is arranged verti- 
cally {as it is shown in the figure), it will only be 
necessary to dig a very narrow ditch in the ground, to 
enied the conduit . 

^ In particular when pipes carrying relatively small 
amount of time-average heat flow are concerned, as is 
thi case in particular with service pipes leading up to 
siiigle- family dwellings/ there is a geometry-related 
belief it from lowering the heat conductivity ? of insu- 
lation materials, which goes beyond the direct effect 
of 1 lowering the heat conductivity as such: This extra 
effeect, which is well-known in heat- transfer theory, 
folr the sake of simplicity can be discussed with refer- 
ence to a conduit of circular- symmetrical configura- 
tibn, comprising a single fluid flow channel: 

I Supposing that in a calculation the inner diameter 
i si kept constant, and the outer diameter of the insula- 
tibn is being gradually increased, the marginal benefit 
in- terms of added heat insulation per unit of diameter 
increase gradually diminishes- In the case of an insu- 
lated pipe, which is not buried, but is surrounded by 
aib, heat is given off from the surface by convection, 
ln| that case there will even be a certain outer diame- 
tejr which minimises the heat loss, that is, further 
ouiber diameter increase will even increase heat losses. 
Anbther example of the geometry effect: If, for a given 
outer diameter the inner diameter is being diminished, 
th'^ benefit from this depends upon the heat conductiv- 
iti/. Thus, when conventional heat insulating materials 
demand a relatively big ratio of outer- to- inner pipe 
disameter, as is the case with service pipes of single- 
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faiiily dwellings, there is a strong incentive to look 
for more efficient heat insulating materials. 

This consideration underlines the interest of the 
various types of conduits employing super- insulators . 
5 Wh4n integrated into the invention, such conduits be- 
cojae even more attractive, since they help keep the en- 
velope size of co-extending conduits, and thus casings, 
CASa, of moderate dimensions. 

i Below a set of criteria quantifying new, more ef- 
10 f ikently insulated conduits Is given, taking' as a re- 
fe]:ence state-of-the-art conduits employing insulating 
fokm with a heat conductivity in the order of 0.03 W 
/mk: 

I Criterion A: New conduits comprising heat insu- 
15 lating material (s) with heat conductivity being less 

thin 0.03, less than 0.015, less than 0-007, less than 
0.1)03, or even less than 0.001 W / mK. 

' criterion B: New conduits for which an average 
heU conductivity is defined as the conductivity of a 
20 theoretical conduit of uniform conductivity, completely 
filling out the space between inner and outer envelopes 
of I the conduit in question, that is including parts of 
thk conduits which are not made of material with excep- 
tiLnally low heat conductivity, this average heat con- 
25 duptivity being equal to 0.03, less than 0,03, less 

thkn 0.015, less than 0.007, less than 0.003, pr even 
lefes than 0.001 W /toK. 

i Criterion C: New conduits having the same, or 
only moderately higher, or lower heat loss per unit 
30 lejigth of conduit than that of a comparable state -of - 
thb art conduit operation at the same fluid tempera- 
tube (a) , transporting the same amount of heat rate, the 
ne^ c€)nduits having outer envelope size being less than 
0.!?, 0.5, 0.3, or even 0.1 times the size of the outer 
35 envelope of the state-of-the-art conduit. 
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j Fig. 9 shows a schematic of a seventh erdbodiment 
of I the invention, in which a less common, but per se 
prleviously known, 2«line system (displayed simplified 
with only one building etc.^ as in fig, 3), where cold 
(chinking) town^s water, CW is arranged to ba fed into 
thje distribution system centrally, i.e. into the 
brjanching station, STA, to be heated for supply of hot. 
sejrvice water, HW, to the buildings: The same fluid is 
aliso used, for space heating services, giving off heat, 
vi|a ^ heat exchanger, HERAD to a hydronic. heating sys- 
tekn with internal radiators, RAD, since oxygen is dis- 
solved in the water. Big district heating systems with 
cebtrally produced hot service water have been built in 
a laumber of Russian cities. Smaller systems, according 
to fig^ 9, and using polymer conduits, in Sweden are 
knpwn^as 'Orudis* systems, which have been built in 
some few cases, but have not yet been adopted in any 
grfeat number. The present invention could provide a new 
stkrt for such systems, which offer appealing possi- 
bilities of first cost savings - 

An advantage with a scheme essentially relying on 
distribution of hot service water, as in fig, 9, e.g. 
when compared with the closed loop system of fig, 3, ia 
that in f ig, 9 conduits may be designed without bar- 
riers to oxygen diffusion, such a metal folio. Thus, 
the scheme of fig, 9 lends itself to an all -polymeric 
copduit design. A concern may be that polymeric chan- 
neiLs for hot water could promote microbial growth (e-g- 
thfe Legionella bacterium) , especially in the return 
lipe, where temperatures will typically be lower than 
50^C; one way of handling this problem could be to add 
anti-microbial copper to the polymer surface. 

In fig, 9, an Electrically driven heat pump, HPy 
drawing HEAT from an external environment, such as for 
inbtance outside air or ground water, is shown as an 
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esdample of a centralised source of thermal energy cotn- 
prjised within the branching station, 

j Fig. 10 shows (like-wise simplified, to show only 
orje. building etc.) an eighth embodiment of the inven- 
tijoii, incorporating a 4-line distribution system (claim 
211), composed of a 2-line closed loop forward, F, and 
reiturn, line system for building heating or cooling/ 
dejpending on the season (claim 22)/ and a 2-line loop 
foir loading a tank, Ta, inside each of the buildings, 
wijth hot water to be supplied via a forward line, HWF, 
whbii cold water is taken oub from the bottom^ of the 
tabk and fed into return line, RW, for centralised 
hekting of cold water, CW^ into hot water, HW, in the 
branching station, STA. 

j Heat and / or cold is supplied to the branching 
station, STA, from a 4-'line district heating (HEAT) and 
dijstrict cooling (COLD) system, DISTR* , whenever hot 
ae'rvice water is needed, this is served via heat ex- 
changer HBl, which typically will be in operation for 
Botne intervals during the day, or maybe more or less 
continuously, most or all the days of the year. In the 
copier part of the season, forward line, F, serves dis- 
trkbution of district heating water, which is heated in 
hekt exchanger HE2, and in a warmer part of the season 
th^ same line serves distribution of district cooling 
water which is cooled in heat exchanger HE3 . That is, 
thk 2 -line system composed of P and R operates as a 
swktch-over system- Settings of 3-way valves, 3VA'; 
3VA''", and aVA""" in the forward and return lines in- 
sicie the branching station and in the building, respec- 
tij/ely, will determine which of the two alternative 
raolies is in operation. The 3-way valves in the branch- 
ing station are shown to be shifted automatically by 
signals from the signal handling unit, SIG, according 
to recorded level of the ambient temperature, TA. In- 
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slide the buildings, radiators, RAD, are in operation in 
the cooler part of the season, and fan coils, WC, are 
ill operation in the warmer part of the season, as de- 
tejrmined by controller C«- 
Si A simpler variation of the system shown in fig. 10 
dojes not . include cooling services ^ whereby a nutnber of 
cojnaponents. Including 3 -way valves, become superfluous. 
Tojaay in tnost counbriea with a large district heating 
se'ctor, air conditioning of single-family houses is not 

10 very common. But it can be envisaged that in future a 
pojssibility to cool private homes, including single- 
fapily houses, will be seen as attractive. Building 
sinplified systems according to fig, 10, provides the 
possibility of changing individual F / R loops to in- 

15 cl-bide the district cooling facility when cooling of the 
corresponding building becomes a reality- In the 
simplified scheme of 4 lines ^ circulation of the P >/ R 
loop can be shut off in the summer season. When the HWF 
and RW channels are designed with small diameters, the 

20 heat loss from such a system will be lower in the sum- 
meir season, compared to a similar 2-line system, where 
circulation is maintained all year round in bigger P / 
R Channels. 

Inside the tank, ^a, hotter and less dense water 
25 is stored on top of colder water by thermal stratifica- 
tion in a per se known manner. Cold water, CW, is 
Bu|)plied to the tank from a drinking water system to 
th4 tank at its bottom/ when hot service water, HW, is 
driwn off by opening of one or more hot. water faucets, 
30 FAG, inside the building • As soon as the tank looses 
soue of its stored amount of hot water, a temperature 
sensor at the bottom of the tank registers this, 
whereby re-loading of the tank by opening of valve, VA, 
is ! activated . 
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• A tank storage system of the kind shown in fig- 10 
i^ known from district heating and from other methods 
ofe serving buildings with heat energy, e.g. local haat 
piimps serving individual buildings, except for the fact 
5 thjat in fig. 10 hot service water is heated centrally, 
i.le. not inside the building but at a distance from the 
bulilding, and in a heat exchanger, which will typically 
be! common to a. group of buildings where tanks are in- 
stalled. In comparison with simpler connection schemes, 
10 sujch as for instance the one shown in fig. 9, the sixth 
'e4>odiment of the invention, incorporating a 4 -line 
syistem has some attractive features, as will be ex- 
plkined here below. These attractions would in prin- 
ciple apply also to any thermal energy distribution 
15 system built according to the scheme of fig. 10, i.e. 
infaluding a conventional network necessitating use of 
ma^iy T-branchings of channels and conduits. 

j In- a conventional district heating system accord- 
ing to fig, 10, one might arrange all 4 channels inside 
20 thk same conduit (as in fig. 5b), or one could for in- 
stance use 2 conduits running parallel, with 2 channels 
infeide each conduits. In both these arrangements, it 
wolild certainly be possible to accommodate T- 
branchings, but quite an amount of on-site work would 
25 be req^ilred, and the 3 -dimensional geometry of these 

branchings will place various demands on exactly where 
toi place the 4 channels inside the cross-sections of 
eoiiduits. When instead a 4-line scheme, as the one 
eh(i>wn in fig. 10, is arranged by using an energy dis- 
30 trlbution system according to invention, where no 

branchings are made directly on conduits, no such re- 
st:irictions exist . 

I In fact, it may be claimed chat the more lines and 
channels are used in a particular district heating / 
35 co<pling scheme, the more the advantage of dispensing 
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•wijth T-branch±ngs will come into its right. For 
essiample, in distribution systems according to the ixi- 
vebtion, it will represent no great complication to 
ac^otntaodate as much as 6 channels within a single con- 
5 dT^t- In cases where heating of some buildings is 

rekjuired alongside with cooling of other buildings, if 
caSi be natural to design distribution systems with 6 
channels: 2. channels for central production and distri- 
bujcion of hot service water, 2 more chaimels for dis- 
.10 tr|Lct heating, and finally 2 more channels for district 
copling. A switch-over system (claim 22), where 2 chan- 
nejls in the winter season are used for district heating 
an|3 in the summer season for cooling of course in one 
se^ise is a simpler solution, but this solution requires 
15 th^t the group of buildings served perform rather 

eqiially in terms of when heating and cooling ia needed, 
a jrequiretnent which may not always be fulfilled. As one 
example, in a temperature climate, like the Scandina- 
vi^, older single family houses with little thermal 
20 insulation may call for rather little cooling in sum- 
mejr, where it may attractive for the inhabitants to 
sp^nd some time of the day in the garden, if they are 
at I home at all in daytime hours. By contrast, modern 
office buildings, with substantial thermal insulation, 
25 an^ other features to keep down heating demand on cold 
da^s, with big windows and with a lot of heat generat- 
ing PC-s and other equipment, as well as people gener- 
ating heat, often call for of air conditioning i.e. 
co4)ling, not heating, in a major part of the year, i.e. 
30 not only in the summer. 



Now, returning to explaining the advantages with a 
co^ection scheme as shown in fig. 10 s 

I First: If hot service water has to be. produced in- 
stantaneously in heat exchangers, not in prolonged time 

intervals, due to evening-out effect of a tank, the re- 

i 
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suiting peak loads on the distribution system are felt 
pa|rticularly hard in the case of single fatnily houses, 
b^auae of a big relative load variation. - In large 
bujlldings there is an automatic evening-out effect due 
td diversification in time of tappings in individual 
aj^artments. Thus, with single-family houses, tanks can 
be! used for selecting smaller diameters of channels in 
sejrvice pipes leading up to buildings • In the system 
shpwn in fig. 10, very small diameter pipes can be 
adjapced for the lines HWP and RW, which can contribute 
toj decrease heat losses and / or to reduce conduit 
sibes. 

Second: When a group of single-family houses is 
served by the same branching station, STA, they will in 
faj-t often perform rather equally in terms of thermal 
lokd variation with outside air temperature, so that 
coiiditions may be rather favourable for adopting a 
swftch-over solution. Often groups of single-family 
holiaes have been built within the same year, or within 
th^ same decade. In the first case, they may even have 
be^n made by the same firm. Still, even if groups of 
buildings behave almost identically, conditions may not 
be ideal for using the switch-over scheme: Xhe tempera- 
tufe differential between the forward and the return 
li^e will tend to be substantially bigger in the dis- 
tract heating mode than in the cooling mode, which 
co^ld present a mis -matching problem of channels for 
cooling needing to be bigger than channels for heating, 
Hotj? well channel sizes needed for heating and cooling 
match has to be considered specifically in a given 
ca^e, to decide if a switch-over solution is appropi- 
rate . 

I Third: According to fig, lo, hot service water, 
HW,, is prepared from cold water, CW, which is {via WR) 
led to the branching station, STA {claim 15) , and heat- 
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irig is catered for by distribution lines separate from 
liines serving hot water preparation. These conditions 
aiie favourable to the use of Priction-^Reducing Addi- 
t lives (FRAs) / such as tensides, which in the last few 
ydars have been developed, tested and applied (not 
l^ast in Japan) with success. Such additives can be 
taiilored (by modifying their chemical composition) to 
pejrform optimally at in various temperature intervals. 
Aljso, newer types of FRAs have been shown to be bio-de- 
grjadable in soil . Still, so far, in some countries, 
like the Scandinavian countries, FRAs have mainly been 
considered for use in big district heating transmission 
systems, separated from local heat distribution net-- 
works by heat exchangers. For most existing district 
heating systems the use of FRAs is considered proble- 
matic, since one always has to consider the risk of 
district heating water by accident leaking into drink- 
ing water systems. Although the tensides in question 
arp not considered particularly poisonous (as for in- 
stknce the de-oxidising substance hydrazine, sometimes 
being added to district heating water), the mere possi- 
bility of a 'foreign* chemical substance leaking into a 
drinking water system by authorities in most countries 
is not accepted. It is a fact that when hot service wa- 
teicr is prepared separately in each building, experience 
allows that district heating water occasionally does 
leak into drinking water systems - This could happen in 
an event of a leaking heat transfer coil of a storage 
heater, combined with a higher pressure on the district 
heciting side than on the drinking water side, combined 
wiih the mishap of mal- functioning non-return valve in 
the drinking water supply line. 

! But with a system according to fig. 10, it can be 

i 

argued that the risk of leakage into the (CW) drinking 
water network can be reduced so much that use of ten- 
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siides could be regarded as acceptable. For instance, 
hdat exclianger HE2 can be made with double walls ^ to 
mafke a mixing media virtually impossible. Using PRAs in 
Icjcal distribution systems, like the one shown in fig. 
iq can be utilised for selecting small diameters of 
channels for space heating / cooling (F and R) , 

Fourth? Provided the tank is of sufficient sissa, 
itj can to a great extent even out the load on the dis- 
tribution systems, caused by tappings of hot water, 
wh|ich will vary substantially with time, especially in 
thje case of single-family houses. Thus, for example, if 
a *ponduit cross-section of the type shown in figs. 5a 
ar^d b is modified for application in a 4-line system as 
debcribed, one can select small diameters of channels 
fojr hot water provision CHWP and WH) . 

I Fifth: When service water is heated centrally to 
be! fed into a tank, it becomes attractive to fit the 
signal handling equipment, SIG, with intelligent proce- 
dures to optimise loading of individual tanks. That is, 
in! addition to the local (i,e- of the building) con- 
trol, represented by thermostatic valve, VA, branching 
line channels of the branching station, STA^ may be 
fipted with valves, VAl', to be controlled by SIG, for 
inptance to adjust the loading flowrate (measured by a 
flpw meter, PMl • « ) according to the individual consump- 
ti|:>n pattern of the building and / or to spread out in 
tijne starts of loading of tanks belonging to individual 
buildings. Alternatively, the loading pump, PUl, may be 
coitrollable from SIG, This will cause evening out / 
diversification of the heat load posed by distribution 
system, DISTR, on the district heating, HEAT, part of 
distribution system, DISTR*, from which heat is 
supplied to the branching station, STA. This kind of 
centralised control should of course not be driven to 
suph extremes that people living in the buildings will 
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a^iperience shortage of hot water, SIG may even be pro- 
grammed to adapt loading of individual tanks fco indi- 
viidual consumption patterns, so that a faster loading 
tsjkes place in a building with an above average hot wa- 
te|r consumption, 

i Sixth: Whien space heating (+ possible cooling) and 
ho;t service water provision is served by 4 lines in- 
stiead of 2 lines, separate metering of 2 energy rates 
(dr mass flow rates) are called for, which provides an 
opjportunity for the energy company to supply the cue- 
tc^ers with informatton about how the total energy con- 
ST^nption is divided between space heating and hot ser- 
vice water; such added information can be of value to 
th^ customer, e.g. if he wants to asses effects of 
measures taken to xeduco energy consumption. The down- 
side is that more metering is associated with this 
ex^ra information service. Here, the invention comes in 
hapdy, because of the rationalisation of metering which 
bepomes possible, due to concentration to the branching 
station as previously explained. 

I Fig- 11. which is a drawing of a branching element 
of I any embodiment of the invention, illustrates how 
Bufth a concentration of metering can materialise. The 
topal branching station, STA, is understood to comprise 
^n appropriate number of branching elements, all con- 
nected to the same signal handling unit, SIG (a number 
of arrows pointing towards SIG in fig. 11 indicate sig-^ 
nals to and from various elements not shown, including 
elements the branching element (s) not shown) , The 
branching element, BRA2, shown in fig. 11, can be al- 
most identical for lines R and WR (cf. f ig. lo) , while 
branching elements serving lines F and HWP can be modi- 
fied versions of BRA2 , for instance to comprise no flow 
meters, but instead each to comprise a common thermal 
35 sensor (upstream of branching) and valves fitted into 
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estch branched line. Xh fact^ branching eletnents used in 
any of the previously shown embodiments of the inven- 
tion can be designed as variations of BRA2 shown in 
fijg- 11. , 

I The entire branching element, BRA2, is shown to 
include thermal insulation, INS, of all parts. 3 return 
lilne channels, RCHAl, RCHA2, and RCHA3 are shown in the 
fiigure, and more such lines can be imagined. Each chan- 
nejl includes a classical venturi type piping element, 
Vlj, V2, V3 in which the flow is narrowed down to a 

sn^aller pipe diameter from which the diameter in a dif - 
fi^er part gradually expands back to the original 
diiameter at flow outlet into a BOX, where mixing takes 
pliace, and from which a bigger pipe, CHA, leads the 
aggregate fluid flow further from the box, for heating 
in| one the heat exchangers (not shown in fig, ii) of 
thja branching station, STA. Plow meter PW2 can be of a 
tyjpe commonly used in district heating practice, such 
asi e.g. an ultra-sonic flow meter. A flow straightener, 
STp2, is arranged upstream of the meter, to even out 
sk^ness and / or rotation set up in the flow profile 
atj inlet to pipe CHA. Each venturi element is fitted 
wij:h two pressure sensors to record the pressure dif- 
ferential, ?pl^S ?P2", ?p3", set up in the converg-^ 
in^r part of the venturi, the size of this pressure dif- 
ferential being a measure of the flowrate, i.e. the 
vejituries fitted with pressure differential sensing are. 
in^ fact flow meters , PMl » ' , FM2 » ' , FM3 ' • 

The pressure sensing elements can be of the piezo- 
electric type. As can be seen, each of the branched 
lines also includes a temperature sensor, TS1'», TS2 » » , 
TS^ ' » , which can be of the resistance type or of the 
thermo-couple type. As the big flow meter, FM2, all the 
sm^ll venture type flow meters are supplied with a flow 
straightener, STR"i, STR"2, STR"3, upstream of 
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tlie meter, to reduce the effects on metering o£ flow 
pilofile akewneas, which will be caused by ben4s and 
otiher deviations from a straight pipes upstream of the 

melters. 

1 A number of advantages of concentrating metering 
equipment in the branching station have been discussed 
aaiready, such as simplification of procedures for tak- 
injg out meters for calibration as assembly from the 
brianching station,, instead of taking out meters from 
eajch building- By discussion of fig. 11 , severa.1 
fulrtherr appealing and distinctive features made poss- 
ible by the invention can be pointed out: 

(1) : The branching element/ including metering / 
sebsing equipment is compact, 

(2) : By adopting an appropriate calibration proce- 
dure, flows and temperatures can measured 

relatively independent of installation effects. 

(3) : The type o£ flow and temperature sensing 
equipment selected can be relatively cheap. 

i Ad (1); The compactness is attributable to 2 fea- 
tures: Use of flow straighteners to eliminate long, 
straight pipes, and to the use of small sensors for 
pressure and temperature on individual channels. 



It is true that a flow straightener arranged 



25 ra|:her close to a flow meter, as indicated in fig,. 11, 
will influence the calibration curve (reading of elec- 
trical signal vs, flow rate) of the meter ^ but this 
effect can be eliminated by calibrating the meter to- 
gether with the flow straightener. In fact, meters and 

30. seiisors of the branching element should be calibrated 
as I they are arranged in the branching element , 

1 Ad (2) s Due straighteners STR"1, STR« "2, STR"3, 
...j. effects on measurement of skewed flow profiles 
caiksed by bends etc, upstream of the branching element 

35 are reduced. However, since straighteners do not func- 

i . 
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tdlon perfectly, if bends are arranged close to tbe 
branching element:, measurement accuracy can be improved 
by including such bends in the branching element, i-e. 
cslzibrating with such bends not being dismantled prior 
tq calibration. 

Ad (3) ; The cheapness to some extent is related to 
tli^e fact that point measurements are made instead of 

i 

bi^lk flow measurement. Thermal sensors applied to a 
pqint, as indicated in fig, 11, can make temperature 
re;cording sensible to any thermal stratification of 
flow remaining downstream of the flow atraightener , To 
a great extent, without increasing the dimensions of 
thie branching element, this can be compensated for by 
dejaigning the resistive sensor as a ring to extend all, 
or: almost 360 degrees round the periphery of the pipe. 

One of the requirements on flow meters fdr instal- 
lation in district heating substations that generally 
tekds to call for expensive equipments is that the me- 
ter should measure accurately within a great span of 
flow rates, e.g. 1:100, a requirement which is particu- 
larly demanding in the case of single family houses 
equipped with instantaneous hot water heaters. In the 
scheme of fig, 10, due to the presence of tanks, there 
is no great variation of flow rates. This corresponds 
well with the selection of venturi flow meters, since 
thfey rely on pressure differential coupled to differ- 
ences in dynamic pressure, i.e. a quadratic type of re- 
lation to flow rate. With such a relationship, signals 
become very weak at low flow rates. 



Other types of compact, low-price flow sensors 



than piezo-electric pressure differential sensors are 
available in the market, such as e.g. thertnal flow sen- 
sors,* which may be better suited in branching stations 
of; system configurations where hot water, tappings are 
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directly reflected in flow rate variations, to be mea- 
sujred in the branching station. 

: Pig. 12 shows a ninth eTnbodim©nt of the invention 
iri which forward, F, and return. R, conduits, CON, de- 
5 f lined as the inner pipes (not insulation and casings) , 
sdrving the saii"ne building (not shown) run in different 
cavities, CAVa'and CAVa"'' inside casing CASa, along 
thieir COWa parts and merge into a common casing CASc of 
thieir CASo parts. The CONc parts may be bonded to insu- 

10 1 ait ion INSc, or there may be a small spacing in-be- 

twjeen, so that conduit parts CONc can slide ascially in- 
siide insulation INSC- Conduits, as they are definied 
acbording to this wording, do not themselves comprise 
aniy significant insulation. An alternative description 

15 wojuld be to interpret the whole assembly: 2 tiroes CONc; 
INSc , and CASc as a conduit whose central parts split 
upi in the direction backwards to the branching station 
(nj3t shown in fig. 12), If CONb parts are short, it may 
bei permissible to leave out insulation around these 

20 cohduit parts. Pig. 12 shows instead an embodiment 

whfere additional insulation, INSb, has been arranged 
around curved parts CONb, inside a casing, CASb- 

Fig. 13a; b and 14 show a tenth embodiment of the 
invention where forward, F, and return, R, lines, serv- 

25 ing the same building (not shown) are completely sepa- 
rated. Also, this embodiment shows how a system accord- 
ing to the invention can based on very simple conduits, 
keeping sizes of casings, CAS' and CAS*', rather small, 
those casings containing forward, P, and return, R, 

3 0 channel conduit parts COWa' and CONa' ' , respectively, 
inside cavities CAVa' and CAVa'', respectively. 

Fig. 13a is a cross -sectional side view, and fig- 
14; is a sectional view from above. 

Fig. 13b shows an enlargement of one (forward- * 

35 liilie) conduit CONa'. It can be seen that the conduit 
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comprises an inner metal (e.g. copper) pipe, MET, and 
ari outer, polymeric (e.g. high-density polyethylene) 
eclating layer. This coating layer breaks any galvanic 
cvirrents that might otherwise be set up outside the 
5 cc^nduit and provides mechanical protection of MET. in 
addition, POL provides some 'residual' heat transfer 
rjsiatance, i.e. a thermal resistance that on the one 
hid is not sufficient for generally providing insula- 
ti'on of conduits, but on the other haUd, since polymers 
10 generally, exhibit lower thermal CQnductivity than do 
mekale, provides much better resistance to heat losses 
t^aii do naked metal pipes; this can be of advantage 
wiith locally lowered heat insulation along conduits, 
e."^. at conduit parts CONb (curved parts leaving the 
15 asyettO^lY of co-extending conduits) . 

! in fact all conduits parts are provided with added 
hekfc insulations iNSa' to coNa- . INSa" to COHa", 
iNjsb' to CONb', INSb" to CONb", INSc' to CONc ' , and 
IM^C' to CONc". Insulations CONb' and CONb'" are pro- 
20 vided by re-£ill soil, SOiLins, having a lower heat 

conductivity than has other SOIL surrounding the embed - 
deti system. 

1 It can be seen that the system has been system de- 
signed that water can in fact percolate into cavities 

25 caW' and CAV ' as weel as into annular clearings be- 
tween insulations INSC and INSc" and conduit parts 
coirc' and CONC', respectively. This can be acceptable 
under the premise that such water does not compromise 
the thermal integrity of any system parte being exposed 

30 to water. Insulations can be made such that they will 
not become soaked with water. After all, water which 
stands still does not conduct heat very efficiently, 
some designs according to fig. 13 may be restricted in 
us4 to locations where they will be well above the wa- 

35 te|: table in the ground. 
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It is true that the only moderately insulated con- 
ddits CON provide possibilities for heat flows between 
individual conduit parts COlSla» and CONa' ' inside cavi- 
ties CAVa" andCAVa'', respectively. However, in the 
5 forward line case, fluid flows will be of almost the 
sajine temperature. Return flows will in general not be 
ofi the same temperatures, i-e* heat flows will be set 
up! between individual conduit parts cONa' * - Iix general 
this will not be any problem, since return flow will be 

10 miixed anyhow, once they reach the return flow branching 
eljement (BRA2 in fig- 11) • 

: In special cases, one may single out a group of 
buildings with especially low return temperatures to be 
utjilised for a good thermodynamic performance of a heat 

15 puhip connected to these special return pipes. In that 
ca^e, heat transfer between individual return conduit 
pajrts CONa'' may be unwanted and should be taken care 
ofi 

Figs. 15 - 17a-c show an eleventh embodiment of 
20 ths invention. Pig. 15 is a longitudinal, sectional 

visw; fig- 16 is a view from above, earth on top of the 
embodiment having been removed; figs, 17a-G are three 
croas-sectional views, as indicated in the two preced- 
ing figures. 

25 In this embodiment, in total 7 conduits , CON, are 

arranged inside a casing, CASa^ departing from the cas- 
ing by penetrating the top of the casing by elastic de- 
formation of the casing. As fig, 17c shows, the casing 
all along its longitudinal extension comprises a sepa-- 

30 ral|:ion plane, SEP- In a preferred design of the inven- 
tion the casing is such fabricated that the two meeting 
su'rfaces, SURF, at SEP are pressed together and/or a 
coyering TAPS is fastened to cover the separation, so 
that it is water-tight from the outset . All surfaces of 

35 th^ casing, comprising: the outer surface in contact 
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with soil/ the inner surface circumscribing the cavity, 
CAVa, and the assenibly of conduits^ as well as the two 
silrfaces^ SURF, in contact with each other at SEP, all 
tHe way round are compact, rugged and substantially im- 

5 permeable to water. The casing together with its inte- 
rior, insulating part, INSa, is deformable^ preferably 
cdmpletely or at least partly elastically deformable, 
sd; that when separating, horizontal forces, FO (cf. 
fdUg. 17b) are applied to a cross -section at any loca- 

10 txlon along the casing, and TAPE has been removed along 
ad appropriate length of the casing, the casing will 
tejnd to reverse to its initial, closed shape or, when a. 
boidy is inserted, will exert forces upon this body. 
\ As can be seen from the figures, this design of 

15 thje casing has been utilised for permitting conduits to 
penetrate it, the figures showing by example the first 
cojaduit leaving the casing by deformation of the con- 
duit in two planes along its part CONb: First the con- 
duit bends mainly upwardly, combined with a slight 

20 bekding towards the middle of the cross- sect ion, to 
pejietrate the casing through SEP. Then, having passed 
alp. the way through the casing, the conduit bends 90 
decrees in the horizontal plane, to leave the casing in 
a jiirection substantially perpendicular to the casing 

25 by! conduit part CONc, which is continued up to a build- 
in^# BUILD (not shown) - 

I Openings are thus created by deformation of the 
caking, not by taking away material from the casing by 

cutting, grinding etc. This speeds up installation, in 

i 

30 particular when conduits are to be inserted at a later 
stage of network development. Openings are created in 
sii:u, where needed, either by simply drawing or press- 
ing the conduit through the casing, or with the assis- 
taibice of one or more appropriate tools. 

i 
i 
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By appropriate design of casing and coaduit cross- 
eeictioiial shapejs and surface finishes, it becomes pos- 
jjble to create a structure by which the casing by it- 
sejlf closes completely around the penetrating conduit, 
5 sd that at all cross-sections, including all those not 
shown in figs. 16a-c, either two surfaces of the casing 
itiself are pressed together, or there are contact zouea 
bdtween a surface, SURF, of the casing and a surface of 
ttle conduit ♦ 

10 I Still, ageing of material/ settings in the ground, 
etb. after shorter or longer time of operation of the 
ayjstem could create openings around a penetrating con- 
dxijit* In order that water- tightness , if needed, be 
m^^ntained, one might apply GLUE (cf. fig. 16a and b) 

15 ariound the conduit, wherever TAPE has been locally re- 
moved. Another alternative could be to design the sys- 
tehi such that water- tightness at conduit penetrations 
isj not a pre-requisite, as discussed here above in re- 
lajsion to fig. 14- A classical district heating culvert 

20 prjlnciple, which has been used in old designs where 

cohduits were placed inside concrete culverts and could 
bej applied here as well, is to arrange the culvert / 
caising CASa with a slight longitudinal slope towards a 
lopation where drainage is provided for. In any case, 

25 injsulations, INSa and INS of casing and conduits, re- 
spectively, preferably are made such that they will not 
soaked if exposed to water. This can be achieved by us- 
in^ closed-cell foam as thermal insulation- 

; As can be seen from fig* 15 ^ conduit parts CONc 

30 cati be arranged rather close to the ground surface GS • 
This, in combination with a conduit profile of small 
hoicizontal extension, allows for rather little earth 
{trench, TR) to be removed if conduits up to buildings 
ar^ arranged underground by digging, carving etc in the 

35 ground. 
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; An alternative to the arrangement shovm could be 
to! turn the cross-section 90 or 180 degrees, bo that 
coinduits leave the casing from a side of the casing or 
ddwnwards. 

i 
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: CLAIMS 

: 1, A thermal energy distribution system for 
siipplying several buildings with thermal service^ clia- 
rdoterlssed by 
5 1 a branching station^ 

j several conduits each forming an essentially un- 
broken connection from said branching station to a 
thjermal connection in each building, each conduit being 
fliexible and having essentially the same cross -section 
10 ovier the entire length thereof, and 

at least two of said conduits extending eesen- 
tijally adjacent to each other over a first portion, and 
exitending to each building over a third portion and 
halving a second portion forming a transition between 
15 said first and third portion. 

2- The system of claim 1, characterized in that 
said first portion of said adjacent conduits being 
arjranged within a casing. 

I 3- The system of claim 2, characterised in that 
20 saiid casing or said conduits being provided with ther- 
maiL insulation. 

I 4. The system of any one of the preceding claims, 
chjaracterlssed in that each conduit comprises a first 
line comprising forward flow and a second line compris- 
es* in^ return flow, 

j 5. The system according to any one of claims 2, 3 
ort 4, characterised in that said casing is provided 
with a longitudinal slit^ which is normally closed, and 



IS 



openable at selectible positions along said casing 



3 0 fop forming an opening through which the second portion 
of said conduit may pass, 

6. The system of any one of the preceding claims, 
chkracterized in that said conduits are prefabricated 
inj the form of an integrated polymeric structure being 

i 

i 
i 

I 

i 
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fabricated fro^n the same base material and in a eimul- 
tajneous maxiuf actuiring operation. 

I 7> The system of any one of the preceding claims, 
c3iaracterized in that the outer shape of said conduits 
square, rectangular or hexagonal, whereby voida be- 
tween the first portions of the conduits are minimized. 

I 8. The system of any one of claims 4-7, character- 
iajed Ln that the flow in the forward line is essen- 
tiially the same amount of flow being returned, in the 
rdturn line. 

j 9. The system of ^ny one of the preceding claim, s 
chjaracterlzed in that each conduit comprises at least 
tl:^ree lines, a forward line for heat energy, a return 
lipae for heat energy and a third line for hot water. 

; 10. The system of claim 9, charaoterized in that 
cl^ conduit comprises four lines, a forward line for 
hejat energy, a return line for heat energy, a third 
iib.6 for hot water and a fourth line for return hot wa- 
Cet. 

j 11. The system of any one of the preceding claims, 
chjaraaterlaed ia that said branching station is pro- 
vided with individual thermal measuring equipment such 
' flow meters, for each conduit- 

12. The system of claim 11, eharaofcerized in that 
thjs branching station comprises measuring equipment for 
measuring the overall flow rate for several conduits. 

i 13. The system of any one of the preceding claims, 
ehkracterized by an output flow meter and a return flow 
me^er for each conduit, whereby a leakage may be indi- 
ca[;ed at deviation between the flow meters. 

I 14. The system of any one of claims 1-13, oharaa- 
fcejrlzed by a closing valve arranged in each conduit. 

j 15. The system according to any one of the preced- 
incr claims, oharacteriaed la that said conduit said 
casing being provided with thermal isolation in the 



as 
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fjrm of one or more super- insulating layers, each su- 
p^r- insulating layer comprising a space under essen- 
tially vacuum, said vacuum being maintained by a vacuum 
adurce arranged in said branching station and connected 

td said space . 

; 16. system according to claim 15. dxaracterlzed in 
thjat the space is surrounded by gas impermeable sur- 
faijces such as metal folios. 

i 17. A system for providing hot tap water to a 
biJilding, charaeteriaed by a branching station compris- 
ing a source for hot tap water, a feed line and a re- 
tu[rn line for feeding and returning hot water from the 
branching station to a building, a compensation tank 
provided in said building for forming an intermediate, 
stprage of hot tap water, and a hot tap water outlet 
thlrefrom, whereby the feed line and return line may be 
arstranged with small diameter. 
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